agents on Saccharomyces cerevisiae class III brewer's yeast. Appl. iMicrobiol. 10:428-430. 1962 -Earlier work with a fluorescent aid indicated that flocculent brewer's yeast may have more surface lipids than nonflocculent types. Organic solvents were checked against flocculent Gilliland yeasts. It was found that those reagents which affect "free" lipids had no dispersive action, and those which remove "bound" fats had a powerful dispersive action against such yeasts. There was no indication that such an action could be correlated with other physical properties of the solvents. The uranyl ion is known for its ability to complex with phospholipids, and it was found to have a powerful dispersive action on Gilliland yeasts. Its effect was compared with that of glucose in its dispersion of yeast flocs, and possible cell "sites" were suggested. This, along with other work, suggests the possibility that lipids are directly or indirectly involved in yeast flocculation.
In previous work (Lycette and Hedrick, 1961) , a new fat-soluble fluorescent aid of the 2-(stilbyl-4")-(4,5-arylo)-1,2,3-triazole class indicated that flocculent brewer's yeast may have more lipids on their surface than do nonflocculent types. Evidence for this is that the class III flocculent cells adsorbed the fat-soluble compound and fluoresced much more than did the class I nonflocculent cells. Lamanna and Mallette (1953) repeatedly emphasized the influence of lipids in bacteriological agglutination and immunological reactions. Chesbro (1956) speculated that a possibility for pellicle formation by Hansenula yeasts could be some form of organically bound phospholipid. Hedrick (1960) reported the effect of saline upon sedimentation patterns of Hansenula. His work suggested that nonpolar groups are important in producing such patterns or "shielding." It is possible that flocculation of brewer's yeast and "shielding" of Hansenula could be effected by similar nonpolar surface groups. Important investigations by Gilliland (1951 Gilliland ( , 1955 clarified the concepts regarding classes of brewer's yeast, depending on how these genetically different strains reacted during the brewing cycle. Class I failed to flocculate at all, and class IV sedimented early in the growth cycle owing to the development of growth clusters, and classes II and III were intermediate in this series. In a wort broth with an initial specific gravity of 1.046, class III cells flocculated when the specific gravity of the medium was reduced to about 1.024 and class II cells flocculated when the specific gravity was decreased to about 1.022.
The deflocculating agents tested in this work were fat solvents and uranyl ions. Hurst (1952) indicated that n-butanol can remove phospholipids from yeast cell walls; and Cook (1958) , in reviewing solvent effects on yeasts, reported that acidified methanol can release bound fats from such cells. Rothstein and Larrabee (1948) , Rothstein and Meier (1951) , Newton (1954) , Cirillo (1961a) , and others indicated the ability of the uranyl ion to complex with phospholipids or polyphosphates at or near the cell surface. The uranyl ion can deprive organisms of sugars by blocking their transport into the cell, as demonstrated by Cirillo (1961a) . Phosphatidic acids are the carrier groups reportedly involved with UO2++.
The present study is concerned with effects of organic solvents and uranyl ions upon clas3 III flocculent yeasts. The organic solvents used were tho3e which remove "free" or "bound" lipids.
MATERIALS AND METHODS The brewer's yeast, Saccharomyces cerevisiae, was supplied by R. B. Gilliland of Arthur Guinness, Son and Co., Dublin, Ireland. Cells were cultured in YM medium with the composition: yeast extract, 3 g; malt extract, 3 g; peptone, 5 g; and glucose, 10 g per liter.
Class III S. cerevisiae cells cultured in the YM broth for 72 hr at 28 C were completely flocculated, but class I cells when grown under these conditions were completely dispersed.
For the lipid solvent experiments, the cells were recovered from the growth medium by centrifugation; for each test, 0.1 g (wet wt) of the cell paste was added to 10 ml of the cell-free growth fluid in a calibrated 18-mm tube.
(Adding cells to the supernatant free of glucose provided a
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method of treatment with a minimum of change to the cell surface.) Then exactly 2.0 ml of each lipid solvent reagent were added to flocculated cells suspended in the 10 ml of broth. The mixture was shaken for a specified number of seconds and the optical densities were determined immediately thereafter. The flocculated cells in the control tube settled to the bottom at once; hence, in these tubes, the optical densities were very low. The degree of deflocculation, therefore, may be measured by the optical density resulting from the dispersed cells. This optical density was determined at a wave length of 610 m,u in a Coleman spectrophotometer. The experiments were all performed at a temperature of 26 C. In studies with uranyl ions, cells grown in YM broth were centrifuged and washed three times with 0.001 M potassium phthalate buffer (pH 3.8). Then, 10 ml of each different concentration of uranyl nitrate, 10-1 M, 10-2 M, 10-3 M, and 104 M, were placed in calibrated 18-mm tubes, and 0.1 g (wet wt) of washed cells was added to each tube. The cells were thoroughly mixed with the uranyl solutions and the optical densities were recorded, after the flocs settled and 30 min thereafter. To obtain samples in which the cells were completely dispersed, 0.1 g of the floc was suspended in 10 ml of glucose (10 % by weight).
RESULTS
Solvents, such as ether and chloroform, which remove "free or unbound" cell lipids had little effect on flocculation; and acidified methanol and n-butanol, which remove bound lipids or phospholipids, dispersed the flocculent class III yeasts ( Table 1 ). The optical-density readings for cells mixed with "bound-fat" solvents ranged from 0.744 to 1.220, after 10 sec of shaking time. The 10-sec time values were higher in all instances than the 5-sec values.
There appears to be little correlation between dielectric constants and ability of the solvents to disperse class III yeasts. For example, the dielectric constants for chloroform and n-butanol are 5.05 and 7.80, respectively, although their action on flocs of yeast were markedly different. The values for methanol and ether are 33.1 and 4.34, respectively, yet their action on class III yeasts was quite similar. In a similar manner, molecular weights and water solubilities of the various solvents did not correlate with their action on these yeasts. Table 2 shows that uranyl nitrate, in a concentration as low as 0.001 M, dispersed flocculation soon after mixing the cells with this reagent. On standing for 30 min, the effect of dispersion was still evident at 0.01 M, although below this concentration the uranyl ion did not maintain such an effect. Uranyl acetate had a similar influence on the flocculation of class III yeasts; however, this salt has a tendency to hydrolyze in water, making its application less reliable.
DISCUSSION
In an experiment to determine whether treatment of cells with uranyl ion in the presence of sugar would prevent dispersion, it was found that the uranyl ions alone in the absence of sugar would induce dispersion.
Although the UO2 ion may simply cause dispersion by affecting cell surface charges, it is also possible that it 
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LYCETTE AND HEDRICK could separate flocculent yeasts by combining with phospholipid groups at the cell surface (Fig. 1) . A second alternative is that the uranyl ion may disperse flocculent cells by blocking nearby chemical groups, such as fatty acid chains, which are really responsible for flocculation. Cirillo (1961a, b) suggested that UO2++ can block transport of sugars into the yeast cell by complexing with exterior phosphatidic acid groups. The mechanism by which sugar molecules disperse flocculent cells is unknown. Most of the sugars capable of deflocculating class III S. cerevisiae can be metabolized by the cells (Cook, 1958 These results, along with studies using fat-soluble fluorescent dyes, offer evidence for the involvement of lipids in the flocculation of brewer's yeast.
